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LIQUID CRYSTAL DISPLAY FOR
PREVENTING A LIGHT LEAKAGE

This application claims the benefit of Korean Patent Appli-
cation Nos. 10-2011-0129832 filed on Dec. 6, 2011, and
10-2012-0121128 filed on Oct. 30, 2012, which are all incor-
porated herein by reference for all purposes as if fully set forth
herein.

BACKGROUND

1. Field

The disclosure relates to a liquid crystal display for pre-
venting a light leakage.

2. Discussion of the Related Art

Liquid crystal displays are devices that display an image by
adjusting the light transmittance of liquid crystals, where a
liquid crystal panel formed by disposing liquid crystals
between substrates adjusts the transmittance of light supplied
from a backlight unit, thereby displaying an image.

The liquid crystals between the substrates are initially
arranged in accordance with the alignment direction of align-
ment layers disposed to the substrates, and when an electric
field is applied, the amount of transmitted light is adjusted as
alignment direction is changed in accordance with the direc-
tion of the electric field. However, there is a problem in that
light leaks from the liquid crystal panel, when the initial
alignment state is changed by various factors.

For example, when the alignment layer is damaged by a
column spacer, the liquid crystals are not arranged in a desired
direction at the damaged portion of the alignment layer, such
that light leakage occurs at the portion.

Alternatively, other than the light leakage due to a defect of
the liquid crystal display panel, light leakage occurs, even
when the liquid crystal display panel is bent by a mechanical
fault in the process of modularizing the liquid crystal display
panel.

For example, a cover bottom is combined with a top case
with the liquid crystal display panel and the backlight unit
therebetween, thereby modularizing the liquid crystal display
panel and the backlight unit. In this process, when a differ-
ence is generated in the combining force applied to the liquid
crystal display panel, the liquid crystal display panel is bent,
such that light leaks from the liquid crystal display panel.

SUMMARY

An aspect of the present invention is to reduce light leakage
from a liquid crystal display panel.

An exemplary embodiment of the present invention pro-
vides a liquid crystal display panel that includes: a first sub-
strate having a black matrix that defines a non-display region
and a display region; a second substrate on which a pixel array
is formed; a liquid crystal layer between the first substrate and
the second substrate; and a sealant between the first substrate
and the second substrate, wherein a distance between the
sealant and the black matrix is different in accordance with a
position on which the sealant is formed.

The distances between the sealant and the black matrix are
formed of an M-shape.

The sealant is the farthest from black matrix at the one-
quarter points and the three-quarter points on a long side and
a short side of the liquid crystal display panel.

The sealant is the closest to the black matrix at the two-
quarter points on the long side and the short side.

The sealant is rounded at the one-quarter point, the two-
quarter point, and the three-quarter point.
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In an exemplary embodiment of the present invention
described above, the sealant is the farthest from the black
matrix at the one-quarter point and the three-quarter point of
the liquid crystal display panel. Therefore, the region that is
filled with liquid crystals increases in proportion to the
increased distance, such that distribution ofthe liquid crystals
is increased. As a result, the stress that is exerted in the
one-quarter point and the three-quarter point reduces in
inverse proportion to the increased liquid crystals, such that it
is possible to prevent light leakage that is generated, when the
arrangement of liquid crystals falls into disorder at the points
due to the stress.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompany drawings, which are included to provide a
further understanding of the invention and are incorporated
on and constitute a part of this specification illustrate embodi-
ments of the invention and together with the description serve
to explain the principles of the invention.

In the drawings:

FIG. 1 is a diagram illustrating the distance between a
sealant and a black matrix according to an exemplary embodi-
ment of the present invention;

FIG. 2 is an exploded perspective view illustrating the area
PAinFIG. 1;

FIGS. 3(A) and 3(B) are diagrams illustrating stress
according to a light absorption axis of a polarizer;

FIGS. 4 to 7 are diagrams illustrating the portions where
light leakage is happened in a liquid crystal display panel, and
the reason;

FIG. 8 is a cross-sectional view taken along line VIII-VIII
of FIG. 1;

FIG. 9 is a cross-sectional view taken along line IX-IX of
FIG. 1; and

FIGS. 10 to 12 are diagrams illustrating other exemplary
embodiments of the present invention.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. The like reference numerals indicate substantially
the like components throughout the specification. However,
in the following description, detailed descriptions of well-
known functions or configurations relating to the present
invention will not be provided so as not to obscure the
description of the present invention with unnecessary detail.

FIG. 1 is a diagram illustrating a sealant in a non-display
region according to an exemplary embodiment of the present
invention and FIG. 2 is an exploded perspective view of the
portion PA of FIG. 1.

InFIGS.1and 2, aliquid crystal display panel according to
an exemplary embodiment of the present invention includes a
color filter substrate 10 and a thin film transistor array sub-
strate 20 that are bonded with a liquid crystal layer 30 ther-
ebetween to implement a liquid crystal cell. Further, the lig-
uid crystal display panel includes an upper polarizer POL1
attached to the upper surface of the color filter substrate 10
and a lower polarizer POL2 attached to the lower surface of
the thin film transistor array substrate 20. The light absorption
axes of the upper polarizer POL1 and the lower polarizer
POL.2 are perpendicular to each other.

The color filter substrate 10 includes an upper glass sub-
strate 11, a black matrix 12, a color filter 13 for displaying
colors, and a planarizing layer 14 for planarizing steps of the
color filter 13.
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The thin film transistor array substrate 20 includes a pixel
array formed on a lower glass substrate 21. The pixel array
includes gate lines 22, data lines 23 that intersect the gate lines
22, with a gate insulating layer GI therebetween, liquid crys-
tal cells that are formed at the intersections of the gate lines 22
and the data lines 23, thin film transistors 24 that are con-
nected with pixel electrodes 25 of the liquid crystal cells,
common electrodes 26 that are opposite the pixel electrodes
25, a passive layer PAS that is formed to protect the pixel
electrodes 25 and the common electrodes 26, and common
lines 27 through which a common voltage is supplied to the
common electrodes 26.

The thin film transistor 24 supplies a pixel signal of the data
line 23 to the pixel electrode 25 in response to a gate signal of
the gate line 22. For this operation, a gate electrode and a
source electrode of the thin film transistor 24 are connected to
the gate line 22 and the data line 23, respectively. Further, a
drain electrode of the thin film transistor 24 is connected to
the pixel electrode 25.

The common electrodes 26, in a horizontal electric field
driving method such as an IPS (In Plane Switching) mode and
an FFS (Fringe Field Switching) mode, is formed on the lower
glass substrate together with the pixel electrode; however,
they are formed on the upper glass substrate in a vertical
electric field driving method such as a TN (Twisted Nematic)
mode and a VA (Vertical Alignment) mode.

Meanwhile, the black matrix 12 formed in the color filter
substrate 10, as illustrated in FIG. 8, includes a first black
matrix (not shown) that defines pixels in a display region A/A
and a first black matrix 121 that separates the display region
and a non-display region N/B. In the exemplary embodiment,
the display region A/A is where an image is displayed and the
non-display region N/B is where an image is not displayed.
The first black matrix 121 has a rectangular plane shape in a
closed-loop shape, like the shape of the liquid crystal display
pane. The non-display region N/B over the first black matrix
121 is covered by a bezel not to be shown, when configured in
a set. A sealant 41 is positioned at the non-display region N/B
and seals the portion between the color filter substrate 10 and
the thin film transistor array substrate 20 by bonding them.
The distance of the sealant 41 from the first black matrix 121
is different in accordance with the position.

The reason for making the distance between the sealant 41
and the first black matrix 121 different is described hereafter.

As described above, the liquid crystal display panel
includes the upper polarizer POL1 and the lower polarizer
POL2 with the light absorption axes Lx1 and Lx2 perpen-
dicular to each other. The light absorption axis Lx1 of the
upper polarizer POL1 is formed in parallel (90°) with the
short side of the panel and the light absorption axis [x2 of the
lower polarizer POL2 is formed in parallel (90°) with the long
side of the panel to be perpendicular to the light absorption
axis Lx1 of the upper polarizer POL1.

The polarizers POL1 and POL2 are deformed into a cup
shape that is convex downward while contracting along the
light absorption axes [.x1 and [.x2 by vaporization of water
under a high-temperature condition. As illustrated in FIG. 3,
the upper polarizer POL1 with the light absorption axis of 90°
contracts inward from the outside in parallel with the light
absorption axis L.x1. Accordingly, the upper polarizer POL1
makes a cup shape with the cross-section, which is taken
along the short side, convex downward. Further, the lower
polarizer POL2 with the light absorption axis of 0° contracts
inward from the outside in parallel with the light absorption
axis Lx2. Accordingly, the lower polarizer POL.2 makes a cup
shape with a convex cross-section that is taken along the long
side ((A) in FIG. 3). As the polarizers POL1 and POL2 con-
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tract, as described above, stress due to the contraction is
transmitted to the liquid crystal display panel, such that the
liquid crystal display panel is correspondingly bent. As the
liquid crystal display panel is bent, as described above, the
cell gap of'the liquid crystal panel changes, which causes light
leakage.

The liquid crystal display panel has the edges fixed to a
guide panel by a tape TP to be combined with a backlight unit
illustrated in FIG. 4, such that the stress due to the bending of
the liquid crystal panel and a reactive force due to the stress
are simultaneously applied in the liquid crystal display panel.
The stress and reactive force change the cell gap of the liquid
crystal display panel, such that light leakage is caused at the
portions on the edges, which correspond to the one-quarter
point “4*Pa and three-quarter point %4*Pa in the long axis
direction X-X' of the liquid crystal panel, and the portions on
the edges, which correspond to the one-quarter point “4*Pb
and three-quarter point 34*Pb in the short axis direction Y-Y'
of'the liquid crystal panel, as illustrated in FIG. 5.

The reasons for causing light leakage at the portions on the
edges are described in detail hereafter.

Referring to FIG. 6, the long side-directional compressive
stress of the lower polarizer POL2 deforms the liquid crystal
panel in a cap shape (inverted U-shape) in the long axis
direction X-X'. Accordingly, tensile stress, compressive
stress, and reactive force are applied at the top of the liquid
crystal panel, the bottom of the liquid crystal panel, and the
edges of the liquid crystal panel, respectively. Therefore,
stress concentrates on the one-quarter point ¥4*Pa and the
three-quarter point ¥%Pa in the long axis direction X-X' of
the liquid crystal panel, such that the arrangement of the
liquid crystals are influenced at the points 14*Pa and 34*Pa,
thereby generating light leakage.

Referring to FIG. 7, the short side-directional compressive
stress of the upper polarizer POL1 deforms the liquid crystal
panel in a cup shape (U-shape) in the short axis direction Y-Y".
Accordingly, compressive stress, tensile stress, and reactive
force are applied at the top of the liquid crystal panel, the
bottom of the liquid crystal panel, and the edges of the liquid
crystal panel, respectively. Therefore, stress concentrates on
the one-quarter point 4*Pa and the three-quarter point 3*Pa
in the short axis direction Y-Y" of the liquid crystal panel, such
that the arrangement of the liquid crystals are influenced at the
points 4*Pa and 34*Pa, thereby generating light leakage.

Referring to FIGS. 1 and 2 again, as described above, since
light leakage is generated by concentration of the stress due to
retraction of the polarizers on the one-quarter points and the
three-quarter points on both of the long side and short side of
the liquid crystal display panel, the stress concentrating on the
points are reduced by correspondingly positioning the sealant
41 at a first distance g1, the farthest from the first black matrix
121, at the one-quarter points and the three-quarter points on
both of the long side and short side in the exemplary embodi-
ment.

This is described in detail with reference to FIGS. 8 and 9.
FIG. 8 is a cross-sectional view taken along line VIII-VIII of
FIG. 1 and FIG. 9 is a cross-sectional view taken along line
IX-IX of FIG. 1.

In FIGS. 8 and 9, the gate insulating layer GI and the
passive layer PAS are sequentially formed on the lower glass
substrate 21. The gate insulating layer Gl is an inorganic layer
and the passive layer PAS is an organic layer. In this case,
since the sealant 41 is generally made of an inorganic mate-
rial, the insulating layer GI is exposed in the non-display
region N/B to increase bonding performance of the sealant
41.



US 9,091,878 B2

5

In the upper glass substrate 11, the first black matrix 121
that separates the display region A/A and the non-display
region N/B and the color filter 13 are formed on the same
layer, and the planarizing layer 14 is formed on the first black
matrix 121 and the color filter 13 to cover them. In general, the
planarizing layer 14 is an organic layer, such that the planariz-
ing layer 14 is not formed on the non-display region N/B and
the surface of the upper glass substrate 11 is exposed, in order
to increase bonding performance with the sealant 41.

Further, the sealant 41 is positioned on the surface of the
exposed upper glass substrate 11 and the gate insulating layer
Gl ofthe lower glass substrate 21, the portion between the two
substrates is sealed. Since the sealant 41 distances itself from
the first black matrix 121 by the first distance (the farthest
from the first black matrix 121) at the one-quarter points and
the three-quarter points on the long side and the short side, the
sealant 41 is positioned by a second distance g2 shorter than
the first distance gl, at the other points, as illustrated in FIG.
8.

As described above, in the liquid crystal display panel, the
stress concentrates on the one-quarter points and the three-
quarter points in the long side and short side directions, such
that the arrangement of liquid crystals falls into disorder and
light leakage is generated. However, as the first distance g1,
the distance between the sealant 41 and the first black matrix
121 is increased more than the original distance, the volume
per unit between them increases and the amount of liquid
crystals increases. Therefore, a relatively larger amount of
liquid crystals than the other portions are distributed at the
one-quarter points and the three-quarter points in the long
side and short side directions.

However, the stress is transmitted inward from the outside
of the liquid crystal display panel (in the direction of the
arrows of FIG. 8), and as a result, the stress at the one-quarter
point and the three-quarter point decreases in inverse propor-
tion to the increased amount of the liquid crystals, such that
the light leakage at the points can be reduced.

Referring to FIG. 1 again, the sealant 41 is positioned at the
first distance gl from the first black matrix 121, at the one-
quarter point and the three-quarter point to reduce the light
leakage at the points. On the other hand, the sealant 41 is
positioned closest to the first black matrix 121 at the two-
quarter points on the long side and the short side of the liquid
crystal display panel. Accordingly, the sealant 41 has a
streamlined closed-loop shape substantially in an M-shape at
the long side and the short side. Further, the sealant 41 is
rounded rather than angled (see FIG. 10) at the breakpoints,
that is, the one-quarter, two-quarter, and three-quarter points
where the distance between the first black matrix 121 and the
sealant 41 changes such that the sealant 41 is not deformed by
the stress. When the sealant 41 is angled, the stress transmit-
ted through the sealant 41 collects at the breakpoints and
deforms the sealant 41 at the breakpoints. On the other hand,
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when the portions around the breakpoints are streamlined, the
stress doe not concentrate at the breakpoints and is transmit-
ted to other portions, such that deformation of the sealant 41
due to the stress can be reduced.

FIGS. 11 to 12 illustrate other exemplary embodiments of
the present invention. Comparing the exemplary embodi-
ments with the exemplary embodiment illustrated in FIG. 6,
there are differences only in that the distance between the
sealant 41 and the first black matrix 121 is adjusted only in the
long side direction in the exemplary embodiment illustrated
in FIG. 11 and the distance between the sealant 41 and the first
black matrix 121 is adjusted only in the short side direction in
the exemplary embodiment illustrated in FIG. 12.

It can be seen that the present invention may be changed
and modified in various ways from the exemplary embodi-
ments described above, by those skilled in the other without
departing from the scope of the present invention. Therefore,
the technical scope of the present invention is not limited to
the exemplary embodiments described herein, but should be
determined by claims.

What is claimed is:

1. A liquid crystal display panel comprising:

a first substrate having a black matrix that defines a non-

display region and a display region;

a second substrate on which a pixel array is formed;

a liquid crystal layer between the first substrate and the

second substrate; and

a sealant between the first substrate and the second sub-

strate,

wherein a distance between the sealant and the black

matrix is different in accordance with a position on
which the sealant is formed, and

wherein the black matrix is formed in parallel with at least

one side of the first substrate, and the sealant is not
formed in parallel with a corresponding portion of the
black matrix where the black matrix is formed in parallel
with the at least one side of the first substrate, so that the
distance between the sealant and the black matrix is
different.

2. The liquid crystal display panel of claim 1, wherein the
distance between the sealant and the black matrix is formed of
an M-shape.

3. The liquid crystal display panel of claim 2, wherein the
sealant is the farthest from black matrix at the one-quarter
points and the three-quarter points on a long side and a short
side of the liquid crystal display panel.

4. The liquid crystal display panel of claim 3, wherein the
sealant is the closest to the black matrix at the two-quarter
points on the long side and the short side.

5. The liquid crystal display panel of claim 4, wherein the
sealant is rounded at the one-quarter point, the two-quarter
point, and the three-quarter point.

#* #* #* #* #*



